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I B eviee and procooa for generation of a 


acceleration of an armature of an electric drivej 


partly synthesized high-quality signal for 

LC 
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JnW^ In order to <* esi 9 n high-qfuality position or speed control 
^/^V^for a rotary or linear electric drive it has been customary in 

the past to control the components directly generating torque or 
force in the innermost loop, that is, in cascade control JJ^Srfl 
The most recent developments -£3^3 have shown that on the other 
v!^ 6 ^ hand it: is highly advantageous not to control the torque or force 
1/ generating components of the current volume indicators indirectly, 
but to guide the acceleration of the part propelled, that is, in 
cascade control. In the case of rotary drives this is the spin^, 

:ase of linear drives^ the linear (c?/\e. 


of the rotor; and in the case 


^-^acceleration of the armature. Hence use of an accelerometer i s 


{^required for registration of these values # ^for example,^an 
accelerometer which operates on thg Ferraris principle 


^or 


his^'accelerometer on the whole, is 
^/characterized by a delay in measurement, albeit a small one. 
z&nother^thig accelerometer can never be completely rigidly 
connected to the place engaged by rotary thrust in the case of a 
rotary drive x or by linear thrust in the case of a linear drive. 
The result of these two facts is that loop limit cycles and/ or 
self-excited oscillations are formed in the cascade control loop 
for the acceleration /j^f-. Unless these limit cycles and/or self- 


excited oscillations are prevented, use of such a cascade control 
loop is not successful for high-quality position or speed 
control, A ^e^4 for suppression of these limit cycles and/or 
self-excited oscillations in the cascade control loop for 
acceleration has been proposed for rotary drives . However, 
this process has the disadvantage that its application is, 
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extremely costly and in addition that it reacts with extreme 
sensitivity to fluctuations in the parameters of the drive. 


Asp 


A/partp-y synthesized signal of high dynami 
Y^l^acc^a^rati^on of an/armatupfe of an eaectri 
^U-P J^$4*y meang of the/fevice/ttaimed fjzfr the 
l^^^^liere,,/ Cascad^contrgd of acc^eratioi^ can 



of ^fhis siqjtfcil, toy& great extent independen 
of the ar#ve, whiae limit Cycles and/or se 
are prevented in this cascade acceleration 
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control 



synj^i^s&zec^^g^^ 
erat&ci wi^^h^a device as ae^ribeoin Claims 1 

tits- 

= For the purpose of generating a high-quality signal for 
acceleration of an electric drive, f irs4 the acceleration signal, 
hm - a * Fg(p)<* /in which Fg(p^^escribes the measurement transfer 
function^, is^registered^and then the torque or the propulsiye CC J} £ ^ 
force £ as substitute acceleration signal bEm - m or bEm = f ^ and/ 
1 losses arising throughout propulsion &e£*ag disregarded and 
feasts adopted being that .of - an absolutely rigid connection of 
the surface engaged by the thrust of the drive to the place at 
which the effect used for registration of acceleration is used*, 

scal e d; s o that the relation bm = a - Fg(p) bEm - Fg(p) is 
satisfied. The acceleration signal fern = a * Fg(p) y is t al c o n to a 
low-pass filterjp/ith the low-pass transfer function FT (p^T^hence 
the signal x " * FT(p) is present at the output of the filter JL 
s&f1jAyth& substitute acceleration signaT becomes a high-pass filter & 
with the high-pass trans^^ function FHfp),^ FT(0) - FT(p)* F H ( 0 ? 
Fg(p) e adjac o nt - to /£he outpu^ o i oh is the signal y « bEm « a* 
^ Fg(p)*[FT(0) - FT(p) » Fg (p) ] ^ Lastly , the synthesized signal 
X + i- s f ormed^it is used as a substitute signal of high 



It is therefore an object of the invention to provide a system and method for 
controlling the acceleration of an armature of an electric drive by generating a high 
quality acceleration error correction signal z, the system comprising an accelerometer for 
obtaining a measured armature acceleration value b ms which is equal to the product of a 
true armature acceleration a, and an acceleration measurement transfer function F g (p) ? 
and means for obtaining a measured acceleration signal, bEm, which is generated from a 
measured substitute acceleration signal bg. b m and t>E m are scaled such that the 
relationship of b m - a • F g (p) = bem ♦ F g (p) is satisfied. The measured armature 
acceleration signal bm is filtered with a first filter transfer function of Fx(pX and the 
measured acceleration signal bE m is filtered with a second filter transfer function of Fh(p). 
The first and second filter outputs are combined to form the partly synthesized high 
quality acceleration error correction signal z = b m • Fy(p) + bnm • Fh(p). 
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dynamic quality for the instantaneous armature acceleration 
value in automatic control of the drive. 

For this purpose, in the case of rotary current propulsion^ 
the rotary acceleration a of the rotated armature is registered 
metrologically by an accelerometer ^a-J^jS-i- connected to thirsr ~H\e 
armature and preferably operating on the Ferraris principle, and 
is consequently available as measured acceleration signal bm a 
' Fg(p)« Fg(p), with Fg(0) = 1, here represents the so-called 
measurement transfer function of the accelerometer^ The torque ia 
of the^lrrve^^ereafter designated as substitute acceleration 
signal bE - m, is also r ^gi c te ^ed- metrol o gxcall y and accordingly 
is available as measured substitute acceleration signal bE = m. 
As is to be immediately perceived, use may of course be made, 
without impairing the operation of the device claimed for the 
invention, in place of the torque m of the drive, ariao dl-reot il y - 
of the torque-forming transverse-current components iq of the 
current volume indicator of the rotary current fed winding of the 
drive.as substitute acceleration signal bE ~ iq. In what i'. . 
follows, as is customary in motro l ff gy, xt xs assumed that on the 
erne ha-ad the measured acceleration signal bm ; and -on the -othea? jsgp, 
measured substitute acceleration signal bEm, all losses occurring 
in the drive in question beiag <|i$regarded, and a mechanically 
absolutely rigid connection of the surface of the armature 
rotated engaged by the torque^ to the position of the rotated part 
of the rotary acceleration meter, at which the effect used for 
registration of acceleration is generated being taken as a basis,, 
is each scaled so that the relation bm « a * Fg(p) « bEm * Fg(p) 
is satisfied. The measured acceleration signal bm is delivered 
to the input of a low-pass filter with the low-pass transfer 
function FT(p), FT(0) preferably equaling l. Hence the signal x 
= bm • FT(p) can] be received at the output of the low-pass 
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filter. The measured substitute acceleration signal bEm is 
delivered to the input of a high-pass filter with high-pass 
transfer function FH(p) = FT(0) - FT(p) * Fg(p), Consequently , 
the signal y « bEm * [FT(0) - FT(p) # Fg(p)] may be received at 
this high-pass filter. A signal z = bm » FT(p) 4- bEm * [FT(0) - 
FT(p) 0 Fg(p)] is now formed in accordance with the relation z ~ 
x + y. This synthesized signal is subsequently used as a very 
high-quality dynamic substitute as the undelayed instantaneous 
value of the rotary acceleration a of the rotated armature in 
automatic control of the drive in question. 

In the case of a traveling-wave drive, the linear 
acceleration a of an armature in linear movement is 
motro logically uogiaterc d by means of an accelerometer 
mechanically connected to this armature, one preferably operated 
on the Ferraris principle transposed to linear movement, and is 
accordingly available as measured acceleration signal bm - a - 
Fg(p) . In this instance Fg(p) , with Fg(0) = 1, represents the 
so-called measurement transfer function of the accelerometer . 
The linear force f of the drive, to be designated in what follows 
as substitute acceleratxon signal bE = f, is also r e g i s ter ed 
ifto^e-are g t ea 1- l y and is accordingly available as measured 
substitute acceleration signal bEm. As is to be immediately 
perceived, without impairing the operation of the device claimed 
for the invention, the transverse-current component iq 
immediately forming the linear force of the current volume 
indicator of the multiphase current-fed winding of the drive may 
be used as substitute acceleration signal bE - iq. It is assumed 
in what follows, as is customary in control engineering, that 
both the measured acceleration signal bm and the substitute 
acceleration signal bEm, all losses occurring in the drive in 
question be«5j disregarded and a mechanically absolutely rigid 
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connection of the surface of the armature rotated engaged by the 
torque to the position of the rotated part of the rotary 
acceleration meter at which the effect used for registration of 
acceleration is generated being taken as a basis , is each scaled 
so that the relation bm « a + Fg(p) = bEm r Fg(p) is satisfied. 
^ The measured acceleration signal bm is delivered to the input of v A 
a low-pass filter with the low-pass transfer function FT(p) , ^-Wca^Hsr 
FT(0) preferably equaling 1. Hence the signal x « bm # FT(p) can 
be received at the output of the low-pass filter* The measured 
substitute acceleration signal bEm is delivered to the input of a 
high-pass filter with high-pass transfer function FH(p) = FT(0) - 
FT(p) * Fg(p) ♦ Consequently, the signal y = bEm [FT(0) - 
FT(p) * Fg(p)] may be received at the output of this high-pass 
filter. A signal z = bm * FT(p) + bEm *• [FT(0) - FT(p) - Fg(p) ] 
is now formed in accordance with the relation z — x + y* This 
synthesized signal is subsequently used as a very high-quality 
dynamic substitute for the undelayed instantaneous value of 
rotary acceleration a of the rotated armature in automatic 
control of the drive in question. 

In the case of direct-current propulsion the rotary 
acceleration a of the rotated armature is rogiatGred- 
ift otr o log i oali - ly by an accelerometer ifPhf^TS^ connected to this 
armature and preferably operating on the Ferraris principle , and 
is consequently available as measured acceleration signal bms a« 

Fg(p) . Fg(p) , with Fg(0) - 1, here represents the so-called 
measurement transfer function of the accelerometer. The torque m 
of the drive, hereafter designated as substitute acceleration 
signal bE « m, is also r eg - i s ter eU uie broluy xra 1 l y and accordingly 
is available as measured substitute acceleration signal bEm. As 
is to be perceived immediately, use may of course be mad^ — ' <L\Vec+L^ 
without impairing the operation of the device claimed for the 
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follows, as is customary in n &toeSoq ff, it is assumed that <=m-%fce 
ortH--^ftk the measured acceleration signal bm and on Lhe^thor the 


4ftea*rored substitute acceleration signal bEm, all losses occurring 

in the drive in question being disregarded and a mechanically 

absolutely rigid connection of the surface of the armature 

rotated engaged by the torque to the position of the rotated part 

of the rotary acceleration meter at which the effect used for 

registration of acceleration is generated being taken as a basis, 

is each scaled so that the relation bm «= a + Fg(p) « bEm * Fg(p) 

is satisfied* The measured acceleration signal bm is delivered 

to the input of a low-pass filter with the low-pass transfer 

function FT(p) ,^FT(0) preferably equaling 1- Hence the signal x 

= bm * FT(p) can be received at the output of the low-pass 

filter* The measured substitute acceleration signal bEm is 

delivered to the input of a high-pass filter with high-pass 

transfer function FH(p) - FT(0) - FT(p) * Fg(p) . Consequently, 

the signal y - bEm * [FT{0) - FT(p) - Fg(p) ] may be received at -1<a^*«*P' 

this high-pass filter- A signal z = bm ^ FT(p) + bEm * [FT(0) - 

FT(p) «» Fg(p)] is now formed in accordance with the relation z « 

x + y* This synthesized signal is subsequently used as a very 

high-quality dynamic substitute as the undelayed instantaneous 

value of the rotary acceleration a of the rotated armature in 

automatic control of the drive in question. 

The device and the process for obtaining a partly 
synthesized signal of high dynamic value for acceleration of the 
armature of a machine is explained in detail in what follows on 
the basis of an example of a separately excited direct-current 
machine and with reference to the drawings in Figures 1 to 4. 
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It is advantageous §m: design of high-quality position or 

speed control £er* a separately excited direct-current machine to 

control rotary acceleration of the armature rather than the 

armature current in the innermost loop. For this purpose. the 

rotary acceleration a of the rotor is r egiatmcrd by an 

accelerometer , preferably one operating on the Ferraris 

principle, and is accordingly available as measured rotary 

acceleration bm « a * Fg(p) . Block 1 (see Figures 1,2,3, and 4) 

with transfer function Fg(p) , with Fg(0) « 1, describes the so- 

called measurement frequency response of the accelerometer. The 

torque m of the drive, which in what follows is designated as 

substitute acceleration signal bE - m, is also regrster ed VNAe^MtecJ 

n)fif r ^i ir >giwiy accordingly is available as measured ^^^3^^^^?7c 

substitute acceleration signal bEm. Armature current la of the < - 

direct-current-fed armature winding of the drive may, of course, 

also be used as substitute acceleration signal bE ~ ia in place 

of the moment m of the drive. *j£n what follows, as is customary 

f^-^jCJ^L. x \o(DTlv 

in control engineering, £x, is assumed that on the—one - han d the 

measured acceleration signal bm and oir-bhe "uLhe** the measured 
substitute acceleration signal bEm, all losses occurring in the 
drive in question bewig disregarded and a mechanically absolutely 
rigid connection of the surface of the armature rotated engaged 
by the torque to the position of the rotated part of the rotary 
acceleration meter at which the effect used for registration of 
acceleration is generated being taken as a basis, is each scaled 
so that the relation bm - a ♦ Fg(p) = bEm » Fg(p) is satisfied. 
The measured acceleration signal bm is delivered to the input of 
a low-pass filter 2 (see Figures 1,2,3, and 4) with the low-pass 
transfer function FT (p) f/v FT (0) preferably equaling 1. Hence the 
signal x ™ bm * FT(p) can be received at the output of the low- 
pass f ilter^ The measured substitute acceleration signal ibm is 
delivered to the input of a high-pass filter 3 (see Figures 1 and 


7 


( ) 



PCT/EP99/0a376 


2) with high-pass transfer function FH(p) » FT(O) - FT(p)- 

Fg(p) . Consequently , the signal y = foEm t [FT(O) - FT(p)* 

*&#$r t ' i ^ • 

■ ■ -tfefeftived - at tsk*s high-pass filtei^. A signal z ~ bm 

Fg(p)] is now formed in 

x + y. This synthesized signal 


Fg(p) ] Bay - be ■I'efee.iveel^a't t?k*s high-pass filter 


FT(p) + bEltl [FT(O) - FT(p) 
accordance with the relation z 
is subsequently used as a very high-quality dynamic substitute as 
the undelayed instantaneous value of the rotary acceleration a of 
the rotated armature in automatic control of the drive^in^^s^U 
question. The difference between the set value c mcftt assigned by 
a superimposed control system and the synthesized signal z is 
delivered to a suitable control unit 4 as control difference (see 
Figure 1) . Delay of the measurement transfer function Fg(p) and 
the considerable disturbance of the transfer function FM(p) are 
eliminated from the control frequency response, which is, of 
decisive importance for stability, possible limiting cycles, and 
self -excited oscillations. The last-named transfer function, 


?W(p) , describes the mechanical frequency response between the 
surface of the armature moved which is engaged by the thrust of 
the drive and the position of the moved part of the accelerometer 
at which the effect used for registration of acceleration is 
generated. The low-pass filter with low-pass transfer function 
Fy(p) almost entirely eliminates the influence of this mechanical 
frequency response. So long as transfer functioi(^FM(^^does not 


deviate significantly from value 1, damping of the low-pass 
^ filter does not exhibit significant values. Bu ^ starting with 
the limit frequency of the low-pass filter the damping rises 


3v 


sharply, so that the unavoidable resonance' step-ups of the 
mechanical frequency response virtually exert no more influence. 
The delay of the acceleration signal bm by the measurement 
transfer functioi/ Fgn>) and the delay additionally caused by the 
low-pass filter are ^entirely eliminated by^signal y - bEm v FH(p) 
at the output of the high-pass filter in the frequency response 
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in question of the control loop formed by means of the 
synthesized signal z . ^ 

The procffidura ri.al M itt ed f <ar the invention prooenteed is also 
-elrestfTttJed- by the^ bl o ck diagram m Figure 1. The first-order 
delay element 5 (see Figures, 1,2,3, and 4) with amplification] 
and time constant^^ describes the delayed reaction of the 
armature current: (Q^to change in voltage at the input of the 
delay element, jfe^ ~Y~g~ 


I^ ^rcf erred embodiment s the output voltage of the pulse 
inverter which feeds the armature winding of the drive is derived 
directly from a two-point control loop 0^ t on the principle of 
the discrete-time switching condition control with a clock 
fr^^^ncy]^^^^^^ in the 100-kHz range, consequently, in 
Figure 2 y the controller 4 is replaced by the two-point element 6, 
a scanning element 7 with scanning frequency fA - 1/TA, and a 
zero-order holding element 8. Amplifications V and -V in the 
two-point element 6 take the ratio of converter output voltage to 
rated voltage of the machine into account. The scanning element 
7 and the zero-order holding element 8 allow for the effect of 
discrete-time switching cpndition control. In this embodiment of 
the device^, cla - imcd for "the invention, the limit frequency selected 
for the low-pass filter 2 with low-pass transfer function (^T(^^)p 
is to be low enough that no self-excited oscillations occur in 
the two-point control circuit for synthesized signal z. 

,V occ OCT; i+ (W^wtfr^U Jo**^ 

Should the^ i^curngtange - rrequeiltiy ""I?ucurgi»g- in practical 
application^ that the connection between the measured substitute 
acceleration signal bEm and the measured acceleration jsj^n^^^si 
is only incompletely described by the equation am - Fg(p) f bEM 
prove to be a source of disturbance for the quality of the two- 
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point cascade control, the prooooa old\tai ru fl ' , ' ' i C o r the invention 4s&£ 
expanded . This expansion is characterized by the block diagram v^W 
ske^^ in Figure 3, In this instance, the transfer functionCFM(p) ^9 •p^\Cp s \ 
describes the mechanical frequency response from the surface of 
the armature s et in movemen t which is .engaged by the thrust of i 
the A drive- to the— position of tho payt o £ the accelerometer get in 

movem e nt at wh - ich too ^rect used "for registration o r ctcce\tz~t<dk\&^ 

acoe-3reration..-ig gonoratod: The relationship between the 
substitute acceleration signal bEm and the measured acceleration 
am is accordingly expressed as (^Jp- FM(p) Fg(p) ^ bEM« / This 
mechanical frequency response with transfer function FM(p) 9 (see 
Figures 3 and 4) is now taken into account in that the high -pass 
filter 3 with high-pass transfer function FH (p) « FT(0) - FT(p)* 

Fg(p) is replaced by a modified high-pass filter 10 with 
modified high-pass transfer function Fh(p) = FT(0) - FT(p) * 
Fg(p) © FM(p) • It is advisable in this process not to determine 
the limit frequency of the low-pass filter 2 with low-pass 
transfer function FT(p) until the high-pass filter 3 with high- 
pass transfer function FH (p) has been replaced by modified high- 
pass filter 10 with modified high-pass transfer function Fh(p) • 

Should the transfer function FM(p) have a plurality of polar 
and/or zero positions, development of the high-pass filter 10 
with modified high-pass transfer function Fh(p) is found to be 
very costly • In order to reduce this cost in development of this 
high-pass filter 10, the p jwecrs ^-o lairood*"dfoa> the invention may be 
further modified as d o g g r iteft si ..^i-R^-t h o w4.t»g , ^ A- pa rt 


frequency. raap^e . This part allows for one or more poles 
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and/or zero positions with particularly high values of TfA, Tv, 
Ti, or T j ♦ The transfer function of the mechanical frequency 
response may be described as follows 



: 9 


F M (P) - Fo(p)* F M<Rd (p) rptfF^p) - F M (p)#F6 1 (ph 

4^ 


The mechanical frequency response with transfer function FM(p) 9 
is now taken into account only in approximation by th e iv\ 
e lreumateane e that the high-pass filter 3, with high-pass transfer 
function FH(p) = FT(0) - FT(p) * Fg(p) is replaced by a modified 
high-pass filter 11 with modified s high-pass transfer function 

(ppi- (WyXo) - FT(p) 0 '(fjs^ivf ^.(^0^^ ^Xt xs advisable not to 
-"determine the limit frequency of the low-palsif^f ilter 2 with low- 
pass transfer function FT(p) in this process until the high-pass 
filter 3 with high-pass transfer function FH(p) has been replaced 
by modified high-pass filter 11 with modified high-pass transfer 
function Fh*(p), 9?h e proposed - pr ooocc c ^ a i m e c^ 
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abstract ^5X«Jk*e. err «n eiecTmV d^Vvej 

A system and method for controlling the acceleration of an armature of an electric 
drive by generating a high quality acceleration error correction signal z, the system 
comprising an accelerometer for obtaining a measured armature acceleration value b m , 
which is equal to the product of a true armature acceleration a, and an acceleration 
measurement transfer function F g (p) 5 and means for obtaining a measured acceleration 
signal, bEm, which is generated from a measured substitute acceleration signal be. b m and 
b E m are scaled such that the relationship of b m = a*F g (p) = b Em »Fg(p) is satisfied. The 
measured armature acceleration signal bm is filtered with a first filter transfer function of 
F T (p), and the measured acceleration signal b Em is filtered with a second filter transfer 
function of Fh(p)« The first and second filter outputs are combined to form the partly 
synthesized high quality acceleration error correction signal z = b m «F T (p) + bEm # F H (p). 


